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F d 3m(Dn-^;i/v'>^ h U -55^ e> 1:: «^«'J"^ ^ <^ ^ 

-D^iZ. : L i 2±« [M e ] 4O8-X (^4*. 0 ^ a< 0 . 4 , 

0^x<2, |?^b<«0^x<l. 3. Me«, MniiNi. Cr. 

t^m^^MTt^) \z^^^x. a^j;:zsi^<Dm\zmvxmm'f^o 
am^^^ m.i'^^^mm-r^fttb\z^W}-^'^^^mx;^^o am^ii:, 

^^i^fi^x^. mmm\tmi\i-r^m[^izts::s>o m\z. am.^±^ <-r^ 

(DiEm^mmomm^zmm^-^^^'^^^^^^^o 

xcDmiz-Dv^x. mmvrzj^3\zi 0 0 ox:x(Dmims^^<i^ 
nM.'^^mxn<hnrciEm^^n-^^i. 1 1. aM e 2. 40 4-e^$n§/cJse). 
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ho^m'f'^mi 3 ^z^-Tr. n 1 3 X filled bT-€-ti^'n(Dit-r h ^ 
4Y<Dmm\tMn'^-*Mn**\zm^'r^n^^t^K^\zmmi^. 5 v 

(4. 7V) <Dmi$.UNi^*^Ni''*(Om^it^Kf^i^Mm'r^'h(Dt 

:^mm\zm^iEmmmn^xmmm^^^—>^ft^'^^&^'f'i^'^'^'^ 

ufc. ;in\z^y)s ^i^Mm\t. 8. ssab^t, ttf^v<U8. 25 
^fc. Mn tm(Dm^^m7fimt(Ditm\z-o\^^x}ti.. ^m^^xsmn 
fco ^.(D^iiiu. mm\t^mx$>^i!)^. 3 : i(Dm^\z7.}d^jvmm<D 
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[2 X 2](D@*&^^?^fiK^?i^'r^c:<t*^'^^So 

tj:^. Wm^9 - 1 4 7 8 6 7 •^^#tc:»iii«ffi©iE@^'^K (cp-T 

i,^mmumii)^Bm-^nx\^^^rcnx$>^o :in\zMv. :^mm\zWi^iE 
mmmmt. ;i(D^or^mMi^m\z^^iEm^mn^mm\>zvxn&n 

^ ^ \zmm:^mz^n ^0k^\z^^xm.^mts^^ ^ m\z 
um'r^z.ii\t. #w¥9 - 1 4 7 8 6 7 n<i^mL\zhmm.-^nx\^^u\^^o 
m\zm^mm\zmBr^ii. #m¥9 - i 4 7 8 e 7^^^tcti. m 

Ji^h i xmwiir^ tmm-^nxi^^^o z.n\t. 1 e a-^^ h\z(D^m^ 
^STfeiamT^O, L i N i vo4y3iaii\tm^-^^\zm^^z.tt^:^x 

4»{CH^BB$nTl^S» rf3it>%. #P8^9 - 1 4 7 8 6 7 ^^^tCtt, 

j^iMo^^idji. FT - I R©^iij^T8 2^®tr-i7)&t^flgic:ma'J^ns 
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(5) 2mKm 

¥ a ^ 4Sc m — ^ ^ r « ft& o a -5 ^ ffi a l§ t o T « W ? 'J T ^ ^ - 

— y^^VTc, mi 5<D (a) ~ (m) Jit. ^ti-^ni SmAh/g, 
30mAh/g. 50mAh/g, 60mAh/g. 70mAh/'g, 
7 5mAh/^g. 80mAh//g, 90mAh/g> lOOmAh/'g, 
105mAh/g, llOmAh/g. 1 2 0 m A h / g . 43 J; 

13 6. 3mAh/ s<Dmm^m(Dm^^m\^x\^>^o mi 5\z^i^^x. 

(111). (311)*3J:tX(400) IZ^n^^^-^O^^^t^M.^ 

ib\zmM(Dm^B(Drci^iz. mi 5f)'^^:^:^^^u^vxn^nrc:^ 

^:^r^t^xx^^i^w^^nmhx\r^^o 
mi 6j:v. :^mmizw^^jEmfsmm<Dmm\tm^^'^^t\z^n^ 
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is& ^ » :}3 J; t)J M n fc ^jj- @ # ft ^ w -r § o 

^MidL i 4T i sOiz (L i [L i i/sT i 5/3]04) Sr^fflUfe^-^^ 
2 001-21032 4-^^fgtC«A@JC^i5^>^<Dm'ft:#l^ffl 

tC3©^;S:V:»o ^int^. t^e^feODL i Mn 204^, •y--r * ± 

\^r:iffi^xmm 2001-21032 4^^^iBm<^«?&^ji 2 . 5 v 
zifmm\z%^mmmt2 . 5v~3. sYm^Winrnm^^v^ 
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M2001-21032 4^{^mmm<D 2 . 5 Y monm^^-^mm^^z 
^^ummni^mib^nfsi^^o ^tc. #ia¥9 - 14786 

4. 5 vm<Di^m&^^r^ ^j^ryj^^:t>mm^m^-r^^i:x^D. 
b> f}^^M,m^-^\z^\,^xnm^m\zn&<D^m^^^izmm 

h\^>^mM,i^^^> L i 4T i sOi2 (Li [Li 1/3T i 5/3] O4) ^M.m 

m^nt\^xmmt^<Di!)'^mmx$>^o 

Z.(DL i 4T i 5O12 (Li [Li i/sT i 5/3] 

vmts:. nm^^m't^miziEm^tMmm(Dm^^-m-^^^ z^ffi 

L i Mn 204/ll^^fflVifer&SKO«?fi^lC*5V>Tl*, 

ifi^\,^f^}^\ziEmm.<Dm^t.^mwL(Dm^\ziz'^is.^ifi±\:^^o zom, 
\z^r)^ nmm(Dnm\H%^(DWkWim'^\z^m.f)^^\:'^o ^<d^^> ie 
m^^xsm.m(DU- hA'^>x?&^'f n> x^^-rM^o^mmz^^ii^ti^i)^^ 
x'i^itifi^<u^i3.E<r>mmti^i^^o zcDm.i^ff'^^^ ^mmz^^iE 
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mmmnth i 4t i 5O12 (l i [l i 1/3T i s/ai 04) ^m.^-^t?'^ 

— •Zf^m'to mi7lz. Li [N i 1/2M n 3/2] O 4^IElM(C'isgffl UT> 

Li [L i i/aT i B/3] 0 4^m.m\z^mi^rcnnm(D^ikmmm^^v. 

3. 5 V(D^T©^«8^^*Jcmi: bfeo 

CD^5fefitmi5ffl« 2 . 5V~3. 5 VTfe t) , 3^ftT!3fiST^s5ffl $nT 

H 1 9\Z. ;iO!)m?a^Oft##'l4^^L'^-o 0 19 0 (a) ~ ( f ) 
^n^'tlO. lmA//cm\ 0. 17mA/cm^ 0. 3 3mA 
/cm^ 0. 67mA//cm\ 1. 0 m A/ c m^cfe JctJ^ 1 . 67inA 

^(Dt^<DiEmmmntvx\t. i o o o-com^^^fecfcrj?? o ot: 

(a) (e) ti^n^no. 17mA/'cm\ 0. 3 3mA/cm\ 
1. OmA/cm^ 1. 6 7 m A/ c m^:fe J:!)^ 3 . 33mA/cm2m 
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:Ln^o)m3!f-^t>'^^m^^^^t.iz^v)^ mm^\zut/v^mm • iRiS 

0 . 6 % U A^>^ V>o ^@<Z)L i [ L i i/sT i 5/3 

m(0m^h2 % L*^^<b;bTVi5^Vi. m^(D-L i C o 0 2/'M^?^«mSr 

z:(D^'5f3i^M,^\zt%f3it>mtbX/h-^^^BM • iR^j5>^"t)-^ ^;KZ)S^ 
(7) m?lil^«tSth 
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jEmmmmizM'r^^mfsmmom^ cms) ^0. 5&.±i. 2^m 

mmif)-^^ V ^^Ttm^m-^^z^^^ ^ mmf)m^izM.m-^nxm 
mm<D^'{\:'pmm-^nrcmm\z^^mmn<DmitMmz. iJ--f i^jvm 

(8) iEmwi^^zsM.mw.<Dmni^ 
^m(Dn^^^m.i^^ m^mzmnr^immi^^mmi^xi^^^-A^ihx 

^So <i#W¥9 - 1 4 7 8 6 7^^J;t)?i|tl§ 2001-210324^ 

^<i^mz%. jEm:^^z:^M.m(Dmmi^thx^n-^nr)vs.:^^j>.^^ 
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SkTizf3i^ts:^^tR^sVrj:\^^TJVS.:=.^A^mm'X^^^t\zti:^. ^ 

?f >*^^ffit*So ii(Dm^^>f}^n^m\z^-oxv 5^^a(^#as^& 
^j^^A\t^!mtvxM.m^m±iz§^vtm^<Dj^mxmmvx\^^^o 

m-^nxMm\zMB\(Di)^^Ai!}^^^-^n^z.ii\zu^o z.(Dt.^. m. 

\zv ^^A^m^Mm±\z^m-^-^^^^^<^ mmi^\zm.mir ^ z. t. 
(9) m)^^mwL 
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^t\,^x^o -jig«)75:L i c o o 2/^ mmj^(D07i^nmM=-'Anm\z^\^^ 

^\z. M.m\z^^^^m-r^^tiz^^xmM7u^^\^±^^^^iz 

h hmm(D^ikmm\zmmiz:^m-^n^uE<Dmmx 
mmf)mmx;^'D-^o z.n^<Dmm\t^mx$>^±\zmmm(D±^\,>m 
mx$>^rctb. nmm m) ^-i-^^izmm-^^^mioh^^ . ^e.fcw 
mi\:^izhmnrcmmy3immx;&^\z%f)^-fy^t>iE>'r. ^(Dmmi)^mmx 

hmn'Xi^m^^v^±^\z^nx\f^^iz%f)-^f)'^tD^'f. m^(Dm^\z 

:^mm\z^^nm^iz:^\^^x\^. ±m(D^^fSimmf3iWm^^'r^m 
muT^x^m'^m^fsi^o :^mMiz^^^7i<^nmM=i:iKnm\z:id\^^x 

\tM.Uizm^Xf3i< Li4Ti60i2(Li [Lii/aTi s/s] O4) ^ffl 

v^^raib. M®m(Dmmti . sY^zji-^^^fttbmmiz-^ib^n^mM 
Ttmtmmmizmfu-^n^o m^^^(D^wcn\z^y). ^mmm 

x^^^f3i^mti^xmm^^ctf)'^'^mtu^o 

itmt5Y&.±x^^rctbmmu<mm-r^^t'^^x^^o ^rcs mm 
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^^^ji:^ — ^^— h) s MEC (^5^;i/X5^;V:^-5}^^- h) 43<fc 
^mm-^nxi^^^h i PF6> L l BF 4^J;:ZSmWi7=-^><^^J'^OA 

^^-h) ^i&m^(Dmmx^mvrcm'^^m-fy^m<^m'^nx^rz. ^ 
pg^nsc <i:?^< > mm-^n^m^(Dmm(Dmmzmcxmm:^mmm 

(10) -fe/ll/ — 

y n t! u >)&^ e. ?^ s 4?- 9 X y ^ ;v A ^ ^ b Tjgffl $ 

Mmiz^m-r^mm(Dmmt\^\^^j A^m^'^mm-r ^m^\zis:^> 

i^m.x(D^mxm^omiW(D-'^\z u AfA^fi^^z^m-t^^-^i)^^ 
s. ^TzLs mm(Dyu-7^^>^%nu^xn/^)vh^rc\tyfmm±m 
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}t'Z^^t^nf3i\f^o z:ne»<Da**^e>. $f^u< 

« ft S ® S « T ;V 5 A * « T ;i/ S ^ A # ^ ffl V S ^: T . 
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(11) t^yKmmn^'Anm 

y^}V^ "7 y s V r — ^T^'^'y V ^ ^ v ^ ^^t^"^— 

n^enm^-v. ^rcit.:^mm(Dm^^i^isi^t^^^mmxBM\zm^iyX 
^ic^^bv^o s«^j©^jp»«, m\zw^^nfs.\^f>^^ 1-5 oa« 

hTtl, 2 ~ 1 5 m»%*^#^-i?^ b^^o 

:^^mz^\-^^iEWL^n^(om^\^^^mmm'^^ '^mu^ifi'^ o ot: 
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^h^y)V^tix.^u> (PTFE) , r^^jy yityf^.^jy'y (pvd 
F) , h )V^ajL^u>-^^-^y jv:tux.^u>^m^^. -r- 
h5:7;v:^nx^i/>-^^it:7;P:tayu tri/^^m-^^ (fep) , 

# (PFA) , yyi[:}d-VT'>-^^-^yJ^^^^^^^>^^'^^^ 

X >'>'W^nx^l^>*«^# (ETFEltJig) . 5j^U^pnbU:7 
;i.^DX9^k> (PCTFE) . :7-/'fbtfxU5^>-^>i5':7;i/:tny 
n If W>^a'8'#^> :/Dt!V>-5='h9:7;v:tnx^l/>*a^#. x 
^ix>-^ DP h U ■7;i'^ax^i/>*M'&#: (ECTFE) , yy^t 
\i-\)^y-^^'^y)V^w:fu\f.v>-^ V ^y }V^ujl=^v>^M. 
^W^^xsy -/>fbfcfxu^>-/^->';i/:^p^9^>'^trx;i/x--5";v--7" 

l^\Z. ;i<DfSif)^-VM^ttf^V^^(DU^'J y y<t}:i=:-^J'T> (PVD 
F) ^^n^V'rh'yy)V:tUX.^U> (PTFE) T^^o 

^j^jix5=->i/xffl. xy^;i/. r)vs.:zoJ^. ^^>. m^(D^^^ 
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\th i 4T i 6O12 (Li [Li i/sT i 6/3] O4) JS: £ ® 5^ 3^ tl ^ 

j^^M5i2r5^. mm^t^^^ mm^h^m. ^mmi^^^zsmm^^'^'it^ 

MIBU5"'>'A'&^t bT«. -fi?lj;ltf L i - A 1 l^-^^. L i - A 1 - 
Mn^-a-^. Li-Al-Mg^^^. Li-Al-Sn^^^^ Li 
-Al-lnJ^^^. L i -A 1 -C d^-^^. Li-Al-Tel^^ 
^, Li-Ga^^^. Li-Cd^-^^. Li-Inm-^^^ Li- 

p h^'^^. L i - B i m^^^^nh I - us^-^^ysiamm^f^n 

Vie 
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f^^. mmMumiz\ts mm&smz.%. o, b, p. n. s. s i c 

cfc«9$f^U<«0. 5~30MmT^2>c Jt^®m« 1 ~ 1 0 m'^/' g T 
^^SODd^'^^^bVn *fcJ^ai^5t±. ^mA:^2p®(7)WPg (d 0 0 2 ) 
f)t3. 3 5-3. 4 0 AXcm:^m<Dm^^<Di^^-^ ( L C ) 3J>^ 1 0 0 
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0 . 0 1-1 omm^mm) ®l i ti^m-^-^x^< t. -^<Dh i -^^ 
mmnfsiiihKji^vrc^ hx^f^^t-fsi-DXhs ±mM.UMn\z^^ 

^&mvr:imnii^±\zmwk • mmvrc^)=^^2^^m^mm\^xM.mM\z 
^^m^^mt^(DxmmM^^^iyX%vf3:<x^^^^o 

^UJL^V> (PTFE) . >J^U >'5/^t;fcf:^Ux> (PVDF) , 7.^ 

i/>^fi'&# (FEP) . ^v'yy)V^ujL^v>-n — y)V:^u7)V 
^;i/tfn;i'X-5^;v^a^# (pfa) , y yi\:\i:=.^)'Ty-^^-^y 
)V^u-:fu\iV>^m^^. :7-/'fk:b'xu^>-iJ7 an h U :7;1':^px 
^^i/^^^a-s-^. jL=^vy-'TVyy )V-tx2x.^vy^M.'^^ (etf 
E^^Hi) , 3j?u nn h u :7;v:^DX5=^i/>' (pctfe) . yyi\:.\± 
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;i/;rnx^l^ x5^l^>-tJ7 n p h U y jv^uji^U>^M 
(ECTFE) , :7-/'fbtfxU7'>-'N4^"y-:7Jl/:tD:/Dtf l/^- 

L'"^^ L i 4T i sOi2 (Li [Li i/sT 1 5/3] O4) 

T J: Vio 

^y^}.^ ^yh. /t>^$nfc«b<35. ^y.i^. #?L!K#. 
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•feniz-iS' UT«. 'e^J;^t^L i 4T i lOu (L i [ L i i/jT i s/i] OO 

m^iimu'pm:&iz)tsDx^^-^n^^^. -^6*ifc«3 o~8 o 

^bX. -e^yjlt^L i 4T i 60i2 (Li [Li i/aT i 5/3] O 4) UE(D^ 
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(EC) > zfn}dU>:f3-^^-h (PC) , :/=^U>ti-^^'-h 
(BC) ^^XS\£=:.U>:fy-^^'-h (VC) U a<Dm^:^ h . 
^^)V^—^^-- h (DMC) , >^JL^)l^iO — -^^^-h (DEC) > 
X^;i/^V;V* — 4^^- h (EMC) :feJ;rJC>'yD k!;P:^7-#^-— h 

(Dpc) uE<D^m^:^-^^-h. =^m;^^)v (MF) , mm^"^ 

}V (MA) , :/Dk!:t>m^^;l' (MP) *3 J; tJ?:/ D fcf :t >^X^;i/ 

(MA) ;5;,HcDilgffi&:^:^7;U3j?>mxx-r;v, r - :/5^n 7 157 h > (gb 

-3}?^^-htbT«DMC. DEC:feJ;t)fEMC7^a:>&t^g^*bVi„ 

jgj-'^icjssD. i!i0i^:^3;v3i^>'mxx-7";i/^'^tp(^j^>^'^f ^i^vio mm-mti 
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LiBF4, LiPFe. LiAlCl4, LiSbFe. LiSCN> 
LiCFaSOa, LiCF3C02. Li (CF8SO2) 2, LiAsFe, 

LiN (CF3SO2) 2, LiBiocixo. ^mmmm:^ )v^>m'j 

LiN (CFsSOz) (C2F6SO2) f3i?>t^\Z-L iN (CF3SO2) 2, 
LiN (C2F6SO2) 243J;rJ^XiN (CF3SO2) (C4F9SO2) f3i 

:jL^)V>^^JV:ki-^^- h^'Pt^< fh^^^ L i PF6^U^^AM<Ji 
TL i P F 6l^^<3!)L i B F 4^ L i N (C2F5S02) 20^-0"^^^^^ 

:iniE>mMm^nmmizmMT^mi\t. ^\zm^-^n^\^^i)'^^ lEmm 
mn'^M.mumo^m^nmo^^ Xizj;:'DX'Z-^tiiM^m^^ti\-£j^^^o 
v^^/^^o^i^yi^mm^zM-r^mmm^t. ^izmM-^nra^^-^^^ o. 2 

^ 2mo I y V y hJi'f)^0^V\^^o W\Z. 0. 5-1. 5 m o 1 / U 
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LT«. mmmi^n.mMtmmmi^mmn\z^n^n^o 

Z.nio(DfSii)^Xh. Li4Si04, L i 4 S i O 4 - L i I - L i O H , 
xLiaPO*- (1-x) Li4Si0 4, LizSiSs, Li3P04- 
L i 2S - S i S 2. ^^XSmitV >i[l^(^tiiEi)^^^^'C$>^o 

^ft. mmwii^nmn\z±mt^7^nmm^^m-^^rcy)i^nmm^m 

«?&<DJ^i|^^bTt^> n-r>M. Tl^r^'^M^ '>-hM. R1«M, -li^ 
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m^^-i^ 0. i~i 0 om/^ojs^7?^ss-r^®*^0*bvio ^<d 

i^. -^^JO^I^Otll^^^ J;tJ?^j^tt(;i'&*5-&T, ±fS^^:^j*^31^T 

mt>^mn<Dmz. mmm^^zsmmunta^^^'^o -^mmo^m^z. 
^mn^^^^^^^^m. mmii^Ji\zmn^n^rm^m. ^mmmiz 

1 ~ 2 0 0 0 M m;&^<l#lcjff * UVio 
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m^m^nx\^^^:^^'S:mm-t^:itti^'v^^o ^\z. mm. 

Um\tS 0-3 5 O'COlSffij^J^Sf . #fClOO~250'CcDt5 

ffl/O^iJf m?a^#^0^?!K*l*2 0 0 0 p pml^-fi)m^l^<. IE 

^^-^^j. Mm^m^^zsmmn^n^n(D^7iim\t s o o p pmUT\z 

^ 0. 1~5 Om/^^-J&^ifF^bV^^o 

^S~2 0 o*CjO^^$f ^bv^o bfc^ft-^lEM 
hoifiiojtt^o . 9~i. n?fes©*^^ff^bi:»o 0. 95 

tcIS^ $ n § % ® "t? J'S: Vi , 
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mmm i 

niytco ^^-e#e.n;^[N i i/4Mn3/4] (OH) 2<i:L i OH • H2O 
#lM®^fifet*L i [Nii/2Mn3/2] OaX'^^o tSi^> 

(Dmmm i 

^mm.mm^Mm.i!fi^ i o o ox^^xmsmm-^^^-^^^ i o o o 

mmm.Umt:^Ui>^^ l O O 0^*T^3Nf^1T_L#$-&> i o o o 

nmmum^Mf^i^'^ ^ i o o o'c*i?*93^rpiT±#$i^, i o o o 
'CT 1 2i^i^"»^b. 1 0 0 ox^-d^ibmu^xM^vrco -^^^z. mm 

7 0 0 -cjo^ e>^M*'tf « 1 . 5 p#^iT^T$i±;fe<. 

(D (a) ~ (c) tC^b;^o E!2 275^&. ViTn® jE@^g#JWb:$^@*« 
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T 75: < ffl a l§ t C V i T « m ilE ^ S d; S / y - 3^ > T S il i: 'fe 3^ < ^ 

mxmm^tvxm^nrciEmfsmn (c) ic^v^TfeNitic^^>«>^'st 
v)j^@^sfm.^<om^^umif3.^x\^^^:^ti)^tDf}^^o $e>ic. Mmm 

±t&\Z^\^^XWN i tun ii<Dm^'\^^m^^rzm^^^\^Tci)^> ^ 1 

\z7r:-rm^^m^m^^itm^\z^^^xi&m^m^mMvrco mmt±m 

^1 



Li [M e i/aMn 3/2] O4 


(mAh/g) 


Me = N i 


13 0 


Me = C r 


12 8 


Me = Co 


12 0 


Me = F e 


118 


Me = C u 


110 
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m^m 2 

L i 4T i 6O12 (L i [L i i/sT i 5/3] 04) ^fflv>> 3 ^monm^ 

/DEC (3/7) (^M'&^Sl- 1 ^^'K^L i P F 

0 2 3 \z :i(Dnm^(oMn,mwj^^\^ > 024 tcA-r b<i#ttsr^ 

T 5l5 ;^ V i ^ 86 T iiS V ^ ¥ a 14 ^ ^ b T V i S . 
KJS^H^ U n i J; § © t # & o 
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